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Evaluation of Maxillary Skeletal and Dental Shape and Size in Patients with Palatally 

Impacted Maxillary Canines: A Cone Beam Computed Tomography Study  

By Stephen Kasper 

Abstract 

Objective: This study investigated maxillary skeletal structures and dentition shape and 

size in subjects with palatally impacted maxillary canines using geometric morphometric 

analysis. Methods: In this cross sectional study, cone-beam computed tomography images 

for 40 subjects (22 females, 18 males, mean age 16 years) with palatally impacted canines 

and 40 subjects (22 females, 18 males, mean age 17 years) with nondisplaced canines were 

included from a single radiology center. On cone-beam computed tomography images the 

nasal cavity, palate, sinus, alveolar crest, maxillary lateral walls, and dentition were 

landmarked by three examiners. Landmarked CBCT images were evaluated for shape using 

geometric morphometric analysis by performing procrustes superimpositions and 

principle component analysis. Shape differences were further investigated by using logistic 

regression and linear regression analyses. Results: Principle component analysis revealed 

subjects with palatally impacted maxillary canines had a nasal cavity that was more 

constricted, the palate was more deeply vaulted and constricted, the sinus extended less 

vertically, canines were wider both mesial-distally and buccal-palatally in relation to 

length, and the lateral incisors were more narrow both mesial-distally and buccal-palatally 

in relation to length.  Logistic regression depicted five variables that were associated with 

palatally impacted maxillary canines: Maxillary basal width at the first molar area, palatal 

depth, canine centroid size, lateral incisor centroid size, and central incisor centroid size 

(p<.05). Conclusions: In palatally displaced maxillary canines, both the canine and lateral 
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incisor size was diminished while the central incisor size was comparatively increased. The 

nasal cavity was constricted, the palate perimeter was constricted, the palate was more 

deeply vaulted, the sinus extended less vertically, and the basal maxillary width was 

constricted at the first molar area.  
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Introduction 

Background 

The maxillary permanent canines are crucial in maintaining oral function, stability, 

and aesthetics (Yang). Calcification of the maxillary canines begins at 4-5 months, the 

crown is completely formed by 6-7 years of age, eruption occurs at 11-12 years of age, and 

root formation is complete by 12-15 years old (Ristaniemi). From its initial position, the 

canine migrates more than 22mm in a downward and forward direction to erupt adjacent 

to the distal aspect of the lateral incisor (Coulter). In the foundational study by Coulter, it 

was determined that the maxillary canine travels on average 11.8mm in the anterior-

posterior direction, 18.56mm in the vertical direction, and 2.67mm in the lateral direction 

during its migration pathway. Many factors can prevent the proper eruption of the canine 

during its 22mm eruption pathway, and the canine can become impacted and remain 

embedded within soft or hard tissue (Dadgar). The maxillary permanent canines are the 

most frequently impacted teeth, with exception of the third molars. This condition has a 

prevalence of 1–2.5%. (Ericson and Kurol). They occur more frequently in females than in 

males (Aktan). Impacted maxillary canines are more frequently palatally positioned than 

buccally positioned, with palatal impactions accounting for 85% of all canine impactions 

(Ericson). Additionally, unilateral impacted maxillary canines are more common than 

bilateral impacted canines (Herrera et al.) 

Several etiological factors have been suggested and explored for maxillary canine 

impaction. There are two prevailing theories for palatally impacted maxillary canines 

however, they are known as the “guidance theory” and the “genetic theory” (Becker). The 

guidance theory proposes that the maxillary canine lacks the proper guidance for eruption 
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due to factors such as missing teeth, supernumerary teeth, or improper lateral incisor 

morphology (Listas). The genetic theory proposes that the maxillary canine becomes 

impacted due to the developmental disruption of the dental lamina (Peck).  

Treatment 

Early diagnosis of canine displacement and impaction is important because 

interceptive treatment of maxillary canine impaction can reduce treatment costs and time, 

decreases risks of complications and adverse outcomes, and facilitates orthodontic 

mechanics (Alqerban). Thus early detection is often the first approach in growing 

individuals so that the canine can be guided into its normal erupted position.  It is 

suggested that patients be examined as early as the ages of eight or nine to assess the 

displacement of canines from their normal position. Radiographic and clinical evaluations 

(palpation and visual inspection) can be used to investigate the possibility of canine 

impaction (Shapira). If early canine impaction is suspected, treatment often consists of 

removal of the deciduous canines or is combined with creating spaces in the dental arch 

(Zuccati). Extraction of the primary canine is supported on the basis of the assumption that 

the primary canine would present as an obstacle in the eruption pathway of the permanent 

canine. In a study by Ericson and Kurol, they found that “if the crown of the permanent 

canine were distal to the midline of the later incisor root, the primary canine extraction 

normalized the erupting position of the permanent canine in 91% of the cases. In contrast, 

the success rate decreased to 64% if the permanent canine crown were mesial to the 

midline of the lateral incisor root” (Ericson). 

Maxillary expansion is another treatment option in the early mixed dentition period. 

In a study conducted by Baccetti, “rapid maxillary expansion protocol was applied and 
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according to their results the prevalence rate of successful eruption (65.7%) in the 

treatment group was significantly higher (p<0.001) than the control group (13.6%). Space 

for the maxillary permanent canine can also be created by distalizaion, with devices such as 

headgear, or by extraction of maxillary deciduous first molars (Nieri). If these different 

interceptive treatments fail, or if early detection of an impacted canine fails, surgical 

exposure of the impacted canine is essential, usually requiring a combination of surgical 

and orthodontic interventions to bring the canine successfully into the dental arch. 

Therefore, older patients with impacted canines require more time and are more difficult 

to treat than younger patients (Becker). 

Current Diagnosis 

 To be able to properly provide interceptive treatment and avoid more arduous 

treatment such as surgery, the clinician must be able to proper predict and diagnose 

impaction early in a patient’s development. In a literature review published by Listas et al., 

surveyed from 1996 to May of 2010, it was found that current models used to predict 

canine impaction are based on two dimensional radiographs (panoramic and AP 

Cephalometric radiographs) and clinical measurements. Clincally, several studies have 

investigated the relationship between a maxillary transverse discrepancy and palatally 

impacted maxillary canines, however the findings of these studies have been conflicting. In 

one study by Langberg and Peck, they compared the pre-treatment arch widths (measured 

clinically) of 10 males and 21 females in the permanent dentition with palatally displaced 

canines to the arch widths of an unaffected group of orthodontic patients with the same age 

and sex distribution. They did not find any statistical differences between the two groups 

both in the anterior and the posterior maxillary width (Langberg). Conversely, in a study by 



 4 
 

Mc Connell et al., they found that a transverse maxillary deficiency in the anterior portion 

of the dental arch as a local cause for palatal canine displacement. In their study “Inter-

molar and inter-canine widths were recorded in 57 patients with 81 impacted maxillary 

canines and in 103 patients with normally erupted canines that served as a control group. 

Their results demonstrated statistically significant differences (p<0.05) in the maxillary 

width between the two groups, particularly in the anterior portion of the maxilla” (Mc 

Connell). 

Radiographically, two dimensional radiographs including panoramic imaging and 

AP cephalograms have been used to assess and predict displaced canines in the mixed 

dentition period. “Three variables visible on panoramic radiographs have been proposed 

(to predict canine impaction): I) angle measured between the long axis of the impacted 

canine and the midline. II) distance between the canine cusp tip and the occlusal plane 

(from the first molar to the incisal edge of the central incisor) and III) the sector where the 

cusp of the impacted canine is located” (Ericson). In one retrospective study of 554 

maxillary canines of children between 4 and 12 years old, investigators discovered that 

when the lateral incisor is not yet fully developed, panoramic radiographs show 67% 

overlapping of the canine and lateral incisor. However, when lateral incisor development is 

complete, only 11% of the subjects show some degree of overlapping. “According to the 

authors, the overlapping of the canine and lateral incisor can be considered as a sign of 

early canine displacement after the incisor has completed its root development” 

(Fernandez). On PA radiographs, one study suggested that, “At the age of 8, the maxillary 

canines should have medial inclination with crowns below the lateral border of the nasal 

cavity and the roots lateral to the border of the nasal cavity. Some parameters such as 
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intercanine width, size of the follicle, symmetry and width of the nasal cavity might be 

associated with increased probability of upper canine impaction” (Sambataro). These two 

dimensional radiographic methods and the aforementioned clinical measurements have 

served as the gold standard for years for assessing and predicting maxillary canine 

impaction. 

Cone-Beam Computed Tomography 

 While the use of two dimensional radiographs for diagnosis has proven useful, 

panoramic radiographs are inherently technique sensitive and prone to distortion. In 

particular, panoramic image mesiodistal angles have been proven to be significantly 

different from true angle measurements (Mckee). In one study by Haney, they compared 

traditional two dimensional images to CBCT images in patients with maxillary impacted 

canines. They found that there was a 21% disagreement in the mesio-distal location and a 

16% disagreement in the labial-palatal position of the impaction. Therefore while useful, 

previous models using two-dimensional radiographs are inherently flawed. CBCT imaging 

provides a much more precise tool to locate impacted canines and factors associated with 

impacted canines. Current maxillary canine impaction models, which use panoramic 

imaging, could greatly benefit from CBCT imaging. Creating a prediction model using CBCT 

imaging would increase accuracy in early diagnosis and interceptive treatment of maxillary 

canine impaction. 

While CBCT imaging has been around for over two decades, only until recently has 

the use of this imaging modality become more affordable and common amongst the 

common orthodontic practice. With the widespread use of CBCT imaging and its added 

benefits, it is becoming increasingly important to conduct more studies using three 
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dimensions. In the last few years studies using CBCT imaging to evaluate the etiology of 

maxillary canine impaction have emerged. While these studies have evaluated factors 

associated with maxillary canine impaction, such as later incisor root resorption and 

position of adjacent teeth, no three dimensional study exists that provides a comprehensive 

evaluation of factors associated with maxillary canine impaction. Therefore this study will 

aim to evaluate both skeletal and dental factors associated with palatally impacted 

maxillary canines using CBCT imaging. 

Geometric Morphometric Analysis 

The three-dimensionality of CBCT imaging provides the unique opportunity to not only 

evaluate where objects are in relation to one another in a 3D sphere, but also allows for the 

evaluation of shape and size. In the literature, geometric morphometrics (GMM) has been 

proposed as a effective method of visualization of shape changes (Papagiannis). “This 

method can show three-dimensional (3D) morphological changes in their complexity much 

more effectively than coefficients resulted from traditional morphometric analysis” 

(Klienberg). The geometric morphometrics method (GMM) is a technique to study scale 

and shape relationships of structures using Cartesian geometric coordinates rather than 

linear, areal (of area), or volumetric variables (Liuti). Therefore to gain a deeper 

understanding of maxillary canine impaction, geometric morphometric analysis can be 

used with CBCT imaging.  
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Central Hypothesis 

We hypothesize that there is an association between the size and shape of the maxillary 

dentition, palate, nasal cavity, sinus, and maxillary arch in the palatal impaction of 

maxillary canines. 
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Specific Aims 

1. Evaluate maxillary canine and adjacent teeth size, shape, and orientation. 

2. Evaluate maxillary alveolar bone thickness and maxillary basal width. 

3. Evaluate maxillary nasal cavity width and shape. 

4. Evaluate palatal vault dimensions and shape. 

5. Evaluate maxillary sinus shape and dimensions. 

6. Explore arch widths and lengths 

7. Compare the above studied variables between palatally displaced maxillary canines 

and nondisplaced canines. 

8. Determine the effect of studied variables on the position of canine displacement. 
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Materials and Methods 

This cross sectional study evaluates the factors associated with palatally impacted 

maxillary canines compared to subjects that have non-displaced maxillary canines using 

CBCT images. This study was conducted at the University of California, San Francisco in 

conjunction with a radiology center in Sacramento, California. All CBCT images were 

obtained from the same radiology center and same CBCT machine, with all images taken 

between March 2021 and November 2022. The CBCT images were screened for the 

presence of palatally impacted maxillary canines, with inclusion criteria including aged 

greater than 12 years (The maxillary canine is on average fully erupted by ages 11-12) and 

a clinically diagnosed unilateral or bilateral maxillary canine impaction. Exclusion criteria 

were poor image quality, syndromic and cleft patients, prior orthodontic treatment or early 

extractions, root canal treatment, and presence of cysts or other pathologies. 

This cross sectional study consisted of 80 total subjects (44 females and 36 males), 

40 “impaction” subjects (22 females, 18 males, mean age 16 years) with palatally impacted 

canines and 40 “control” subjects (22 females, 18 males, mean age 17 years) with 

nondisplaced canines. All subjects were between the ages of 12 and 19 years old. All CBCT 

data (DICOM files) were assigned new names by using randomly generated codes that 

removed patient identification information. After de-identification, all subject DICOM files 

were uploaded into Stratovan Checkpoint’s land-marking software.  

A template of 146 landmarks was created to adequately represent the maxillary 

dentition, palate, nasal cavity, sinus, and maxillary arch. In selecting landmarks to plot, this 

study aimed to identify landmarks that would depict adjacent structures and the housing 
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within which the maxillary permanent canine travels during its eruption pathway.  Table I 

represents the various landmarks and their definitions. 

Table I. Landmark Definitions 

 

 

 

 

 

 

 

 

 

 

 

 

 

For each of the landmarks, a standardized protocol and orientation was established in 

order to be able to reliabily replicate and place landmarks. A total of three examiners 

landmarked the CBCT data in Stratovan Checkpoint using the aforementioned template 

consisting of 146 landmarks. Prior to landmarking the 80 cases, each examiner landmarked 

5 of the same cases to evaluate inter-rater reliability and agreement using within subject 

standard deviations and agreement analysis. There were a total of 9 errors where one 

examiner diagreed with the others by  greater than 0.5mm and therefore required 

correction (out of 6570) measurements. It was determined that there was a high level of 
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agreement amognst the examiners. Tables II and III depict the various numerical 

landmarks and the error (in mm) between the three examiners.  

Table II. Numerical Values                                    Table III. Inter-rater Analyis (error in mm) 

 

The following figures 1-6 depict the orientations used to plot dental landmarks, nasal 

cavity landmarks, palate landmarks, alveolar landmarks, and sinus landmarks. 

 

 

 

 

 

 

 

 

 

Figure 1. Dental Orientation (Above), Figure 2. Nasal Cavity Orientation (Below) 
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Figure 3. Patale Orientation (Above), Figure 4. Alveolar Orientation (Bottom Left),  

 

  

 

 

 

Figure 5. Sinus Orientation (Bottom Right). 

After all 80 cases were landmarked in Stratovan Checkpoint, landmarked 3D data points 

were then transferred to MorphoJ Geometric Morphometric software (Klingenberg lab, 

Manchester, UK) to standardize the superimpositions across all subjects in this study, 

generating a list of procrustes coordinates that control for scalar differences between 

images. Principal component analysis (PCA) was then completed using MorphoJ software. 

Following the PCA shape analysis a logistic regression and linear regressions were run 

against significant factors as determined and selected from the pricinpal component 

analysis results.  
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Results 

Landmarks were converted into procrustes coordinates using MorphoJ software to 

control for scalar, translational, and rotational differences. Procrustes coordinates were 

graphed in MorphoJ and represented in 2D across 3 axes (see figure 6). A principal 

component analysis was then performed on the newly adjusted procrustes coordinates 

while selecting for impaction v control groups. 

 

 

 

 

 

 

 

 

 

Figure 6. Proctrustes Coordinates 

The first principle component graphed against the second principle component 

revealed a tight clustering of the impaction v control group, with 27% of the shape 

variation being attribiuted to the first two prinicple compents as obtained from the 

eigenvalues. This is depicted in Figure 7. 
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Figure 7. Principal Compenent Analysis all Landmarks 

Due to the large number of landmarks, a principle compoenent analaysis was then 

performed for only the skeletal landmarks (landmark numbers 97-146) to further 

differentiate associative factors in palatally impacted maxillary canines. The skeletal 

landmarks involved in the PCA analyis include nasal cavity, palate, sinus, and maxillary 

arch landmarks. The first and second principal component analysis acounted for 35% of 

the total shape variation, with PC1 comprising 19% and PC2 comprising 16% of the total 

variation. To beter visualize the shape differences in these PCA grpahs, a wireframe 

network was created to connect the separate skeletal compnents. The starting shape is 

shown as a light blue outline with hollow dots at the positions of the landmarks, and the 

target shape is represented by darkblue outlines in these wireframe graphs. The wireframe 

graph of PCA 2 with a scale factor of -0.1 is included in Figure 8. 

 

 

Figure 8. Skeletal landmarks PCA graph, and PCA 2 wireframe graph 
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Due to the large volume of skeletal landmarks, we decided to run indvidual principal 

component analyses on each separate skeletal and dental landmark, grouping for 

impaction v control subjects. The separate principal compenet analyses included the 

anterior nasal cavity, posterior nasal cavity, midsagittal suture of palate, posterior border 

of the patale, perimeter of the palate, sinus floor, the canine, the lateral incisor, the central 

incisor, the first premolar, the second premolar, and the first molar. As the PCA 2 

wireframe graph of all the skeletal landmarks revealed noticeable shape differences, we 

decided to also create wireframe graphs for each individual principal component analysis 

to better visualize the shape changes occuring. Figures 9-21 depict the PCA and wire frame 

analyses using the first principal component and appropriate scaling factors were then 

generated for these separate components.  

 

Figure 9. (Left) Posterior Nasal Cavity PCA, (Right) Anterior Nasal Cavity PCA 

 

Figure 10. (Left) Midsagittal Suture of Palate PCA, (Right) Distal Border of Palate PCA 
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Figure 11. (Left) Perimeter of the Palate PCA, (Right) Sinus Floor PCA 

 

  

Figure 12. (Left) Canine PCA, (Right) Lateral Incisor PCA 

 

 

 

Figure 13. (Left) Central Incisor PCA, (Right) First Premolar PCA 
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Figure 14. (Left) Second Premolar PCA, (Right) First Molar PCA 

The various principal component analyses depict shape the shape changes from 

impaction and control groups. From these separate PCA graphs, 12 variables were 

identified as potentially significant variables associated with patalatally impacted maxillary 

canines. A logistic regression was then performed on these 12 variables, to determine the 

probabilty of an event of impaction occuring. Additionally an odds ratio was calculated for 

all of the 12 variables to determine the stregnth of the association. After controling for 

collineratity, the logistic regression revealed 5 significant factors associated with canine 

impaction with a total AIC value of 86.28. The first variable of significance was the total 

maxillary basal width at the area of the first molar, specifically at the height of the alveolar 

crest in this region. The estimated std. was -3.485 with a p value of 0.028 and an odds ratio 

of 0.706. The scond variable of significance was palatal depth with an estimated std. of 

4.774, with a p value of 0.028 and an odds ratio of 1.610. The thrid variable of significance 

was canine centroid size with an estimated std. of -5.107, with a p value of 0.023 and an 

odds ratio of 0.601. The fourth variable of significance was laterial incisor centroid size 

with an estimated std. of -8.016, with a p value of 0.014 and an odds ratio of 0.450. The fifth 

variable of significance was central incisor centroid size with an estimated std. of 9.708, 

with a p value of 0.007 and an odds ratio of 2.632. The results are displayed in Table IV. 
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Table IV. Logistic Regression 
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Discussion 

While previous studies have used two dimensional radiographs, and have primarily 

focused on canine angulations and sectors, this study provides valuable information about 

shape and size associations with palatally impacted maxillary canines. Prior to this study 

there was limited information on the association of skeletal and dental shape and size with 

the palatal impaction of maxillary canines. The use of CBCT imaging and geometric 

morphometric analysis provides valuable insight to the overall skeletal housing and 

contributing factors associated with palatally impacted maxillary canines.  

The age of included subjects in this study was at least 12 years to allow the normal 

time needed for the maxillary canine to fully erupt into its final position. The 146 

landmarks encompassed the maxillary dentation and the skeletal housing through which 

the canine migrates during its eruption pathway. Principle component analysis of the 

entire data set revealed a tight clustering of the control v impaction groups, indicative of 

significant shape differences between the two groups. The majority of the shape variation 

within this PCA was found within the first three principal components. While the analysis 

was useful in establishing shape differences between the two groups, the large volume of 

landmarks made visualization of the exact shape differences difficult. Therefore to further 

specify our shape analysis, another principal component analysis was performed on only 

the skeletal landmarks (landmarks 97-146). The majority of shape variance was found in 

the first two principal components. The most shape variance was found within the second 

PCA, with visible shape changes in the nasal cavity, sinus, maxillary arch, and palate.  

To further specify the shape analysis from the skeletal PCA results, separate 

principal component analyses were conducted individually for the anterior nasal cavity, 



 20 
 

posterior nasal cavity, midsagittal suture of palate, posterior border of the patale, 

perimeter of the palate, sinus floor, the canine, the lateral incisor, the central incisor, the 

first premolar, the second premolar, and the first molar. The findings from the individual 

principal component anlaysis revealed the following shape differences in the impaction 

group v the control group. The posterior nasal cavity appears more vertically constricted in 

the impaction group. The anterior nasal cavity appears slightly more vertically constricted 

in the impaction group. The palate along the mid sagittal suture appears to be more vaulted 

in the impaction group. The palatal perimeter appears more narrow in relation to length in 

the impaction group. The sinus appears to extend less vertically and is flatter in shape in 

the impaction group. The canine appears wider both mesial-distally and buccal-palatally in 

relation to length in the impaction group. The lateral incisors appear smaller both mesial-

distally and buccal-palatally in relation to length in the impaction group. The central 

incisors appear to have a more narrow mesial-distal shape in relation to length in the 

impaction group. The first premolars, second premolars, and first molars appear similar in 

shape in both the impaction and control group. The visualization of these differences in 

shape can be seen in figures 9-14.  

The findings from the various principal component analyses delineated various factors 

of significance found in individuals with palatally impacted maxillary canines. Factors with 

the most variation from the PCA were compiled in a table and a logistic regression and 

odds ratio were generated to estimate the event of impaction occurring as well as the 

strength of the association between events. The logistical regression found that there is a 

negative association between increased total alveolar width at the first molar and canine 

impaction. There is a positive association between increased palatal depth and canine 
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impaction. There is a negative association between increased canine centroid size and 

canine impaction. There is a negative association between increased lateral incisor 

centroid size and canine impaction. There is a positive association between increased 

central incisor centroid size and canine impaction.  

In conclusion, this study supports the guidance theory in that a smaller than normal 

lateral incisor lacks sufficient surface area to guide the maxillary canine into its proper 

occlusion. Diminished canine size and a relatively broader mesial-distal dimension (in 

relation to length) is associated with a higher prevalence of impaction. A deep palatal vault 

and narrow nasal cavity is associated with impaction. This may lead to an increase of space 

palatally, and as the canine erupts, the pathway of least resistance would lead to palatal 

impaction. A constricted total maxillary alveolar width, specifically at the first molar is 

associated with impaction. This constriction may direct the canine inward, leading to 

palatal impaction. And lastly, a shallow sinus is associated with impaction and may pose a 

vertical problem which thereby influences the canine eruption pathway. 
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